Historical accounts have linked the overcrowded conditions on the Middle Passage to slaves' ill health and high mortality. A large literature in economic history has failed to find such effects. This note demonstrates the importance of a statistical explanation: missing data. Studies finding no positive relationship between vessel crowding and Middle Passage mortality are driven by an unrepresentative sample of slave voyages. Using simple methods to correct for missing data on voyage duration, analysis of the Trans-Atlantic Slave Trade Database shows a strong and robust association between crowded voyages and slave mortality, consistent with historical accounts.
The Middle Passage of the transatlantic slave trade was crowded and often deadly. Many historical accounts have linked the overcrowded conditions on the voyages to slaves' ill health and high mortality rates. For example, Alexander Falconbridge (1788) describes a voyage where "the slaves were so crowded... that, without meeting with unusual bad weather, or having a longer voyage than common, nearly one half of them died... " (p. 26) .
1 Surprisingly three decades of studies by economic historians (see Table 1 ) have failed to find that more crowded voyages suffered higher slave mortality. Across a variety of datasets and empirical specifications, regressions of mortality on measures of crowding show no association, controlling for the duration of the passage, the size of the vessel, 2 and other covariates (Cohn and Jensen 1982; Steckel and Jensen 1986; Garland and Klein 1985; Hogerzeil and Richardson 2007) . To date, no published study has found a positive, statistically significant relationship between crowding and slave mortality.
This purported fact has so intrigued scholars that the more recent literature has proposed economic explanations for it. Herbert Klein (2010) argues that vessel overcrowding was exaggerated by European abolitionists, and that the conditions endured by slaves were comparable to those tolerated by European immigrants to the Americas (though worsened by tropical disease). Other scholars argue that there must be some omitted variable which mitigates mortality and is correlated with crowding, obscuring the effect -for instance, conditions in coastal slave forts  ! For descriptions of the Middle Passage linking overcrowding to high mortality rates, see for example: Falconbridge (1788), pp. 19-32; Riland (1828), pp. 50-66; Blake (1860) , ch. 10; Tattersfield (1991) , pp. 144-154. " A control for vessel size is necessary to capture risk of disease. For the same degree of crowding, a larger vessel carried a larger number of slaves and crew, and took longer to procure and load the slave cargo, raising the absolute risk of a disease outbreak at sea. Database shows a strong and robust association between crowded slave voyages and slave mortality, consistent with historical accounts.
# The sole exception is Garland and Klein (1985) , who focus on alternative measures of crowding, and do not use a multivariate regression approach. $ Voyage duration is recorded for 3,798 observations of 34,957 in the complete database, or 763 voyages of 2,167 with largely complete information, as described in the Data Appendix. 
where Mortality is the mortality rate for voyage i, Crowding is the number of embarked slaves per shipping ton, Tonnage is the carrying capacity of the ship in English shipping tons, and Duration is the number of days on the Middle Passage.
7
% The sample includes voyages with years of departure spanning 1622 to 1864, though almost all observations come from the hundred-year period from 1711 to 1810. Summary statistics are comparable to the sample of . Their sample has an average tonnage of 228.9 shipping tons (compared to 244 in the completely observed sample), an average mortality rate of 11% (11.9%), a slave/shipping ton ratio of 1. ' The mortality rate is defined as slave deaths between the last port of embarkation and the first port of disembarkation, divided by number of slaves on board at departure from Africa. See the Data Appendix online.
Unobserved differences in the slave trade over time and across regions are controlled for using decade and trade route fixed effects. The Atlantic economy and trading practices both changed over the centuries of the transatlantic slave trade's existence (Carlos 1991 (Carlos , 1994 Steckel and Jensen 1986; Klein and Engerman 1997 Column 1 of Table 3 reports regression coefficients for the subsample of the data with recorded values for Duration. 9 Consistent with the literature, the relationship between crowding and mortality is statistically indistinguishable from zero. But this result is driven by the sample: columns 2 and 3 repeat the regression without the voyage duration variable. In column 2, which uses only voyages with unobserved duration, the relationship between crowding and mortality is positive and statistically significant. All else equal, within this sample we would expect a one standard deviation increase in crowding (0.714 slaves per shipping ton) to be associated with an increase in mortality of 1.46 percentage points, or 0.11 standard deviations. Column 3 repeats this ( Along with other unobservables, these decade and route effects control for expected voyage time. On longer trade routes, we would expect captains to manage the risks of the longer time at sea by crowding their vessels less. The effect of simply regressing slave mortality on crowding, then, would be ambiguous; it would be positive via the direct effects of more densely packing slave cargo, but negative through the negative correlation with time at sea. ) All estimations in this paper use 2,167 voyages from the Trans-Atlantic Slave Trade Database with observations on slave mortality, crowding, tonnage, trading route, and year of departure. Slave voyages that did not successfully complete a voyage on a trans-Atlantic trading route are omitted. Details on the sample and the construction of the variables is included in the Data Appendix.
regression for the sample with observed duration, and obtains an even larger negative point estimate on Crowding, so controlling for voyage duration is not the reason for not finding a positive coefficient on Crowding in column 1.
We can analyze the relationship between crowding and mortality in the whole sample while controlling for duration using two different missing data methods: the missing indicator method and imputation analysis. Both approaches find a positive and statistically significant relationship between crowding and mortality, of similar and meaningful magnitudes.
First, I add two separate duration controls for observed and unobserved cases to the regression: a continuous variable equal to Duration when passage time is observed and zero when it is not, and a dummy variable equal to one if Duration is missing and zero if it is observed. 10 More precisely, I estimate
where ! !"#$%&'( ! !!"##"$% is equal to 0 if Duration is observed and 1 if Duration is missing, and
!* This method for handling missing data, the missing-indicator method, has well-known statistical weaknesses which imply that my estimate of the association between crowding and mortality is likely too small. Jones (1996) demonstrates that the missing-indicator method leads to overstated standard errors and biased coefficients on both missing and non-missing explanatory variables. If the covariance between Duration and Crowding is negative in the sample where Duration is not observed -consistent with captains crowding ships more when a voyage is expected to be brief -then ! ! should be understated and ! ! overstated in Table 3 , columns 4-6. estimates the association between mortality and the interaction of Crowding with
The regression is tabulated without interactions in Table 3 , column 4, while column 5 includes the interaction terms. In column 4, the coefficient on Crowding is positive and statistically significant at the 5% level; an increase of one standard deviation (0.78 slaves per shipping ton) is associated with an increase of 1.1 percentage points in mortality rate in the pooled sample. When interaction terms are added, the
Crowding coefficient remains large and positive, though the implied change in mortality of a marginal increase in crowding, for a voyage with a typical observed duration, becomes small. 11 A joint test in column 5 finds that the coefficients on Crowding and !! Within the sample with observed voyage duration, the mean voyage lasts 73.6 days. Within this sample, the marginal effect of crowding for the mean voyage would then be ! ! ! ! ! ! !"!!, which is approximately equal to 2.51 -0.0365*73.6 = -0.18 in column 5 and 2.59 -0.0312 * 73.6 = +0.29 in column 6. For a one standard deviation increase in crowding (0.59 slaves / ton), these translate into modest mortality changes of -0.11 and +0.18 percentage points, respectively.
both interaction terms (! ! ! ! ! and ! ! ) are jointly different from zero at the five percent significance level. The negative coefficients on the interaction terms (! ! and ! ! ) are consistent with the literature finding nonlinear mortality rates driven by preboarding conditions.
I examine the robustness of these findings using imputation analysis. Where
Duration is unobserved, I impute a value by regressing Duration all the other variables in equation 1 as regressors. 12 I use imputed values to estimate
Columns 6 and 7 of table 3 present results from this estimation. Consistent with the missing-indicator results from columns 4 and 5, the coefficient on Crowding is statistically significant at the five percent level in both specifications, and point estimates are similar across specifications in columns 4 and 6 (1.489 using imputation compared to 1.378), and columns 5 and 7 (3.206 compared to 2.514). Like the missingindicator results, imputation methods also estimate a negative coefficient on the interaction of Crowding and Duration. The coefficients on Crowding and on the interaction term (! ! and ! ! ) are jointly significant at the five percent level in column 7.
Crowding, it seems, was associated with higher mortality -at least when voyage duration is not observed. Figure 1 charts the share of voyages with observed
For voyages with missing duration, ! ! ! ! ! !is 1.81 in column 5, implying that a one standard deviation increase in crowding (0.71 slaves/ton) on a voyage without observed voyage duration would have a mortality rate increase of about 1.3 percentage points,. 12 Specifically, the imputation step regresses
Imputed values of Duration are constructed from the predicted values estimated by this equation. Because imputing missing values will create an artificially high correlation between Duration and the other variables of interest, fifty imputations using randomized subsets of the data are used to estimate the robustness of the coefficients and fixed effects, as well as the distribution of the residual, ! ! . These estimates are used to correct estimates in table 3, columns 6 and 7, for imputation bias. Allison (2002) and Cameron and Trivedi (2005, ch. 27) provide good overviews of the multiple random imputation method for unbiased analysis with missing data. An examination of a broader subset of voyages than previous studies finds a positive correlation between slave crowding and mortality in the Middle Passage, !# Rates of missing Duration data and mean mortality rate and crowding are tabulated in the appendix, Table A3 .
other variables are as previously described. Intriguingly, ! ! is negative and statistically significant at the five percent level, even after controlling for other influences on data observation. !% Online Appendix table A4 reports missing Duration data and mean mortality rate and crowding by nation of carrier. Of 763 complete observations in the data set, 549 are French and 67 British; only 6.6% of 1,018 British voyages report voyage duration. Though the French data constitutes a majority of the completely observed sample, the weak relationship between recorded duration and slave mortality is not a feature of the French data specifically. Appendix Table notes : Standard errors in parentheses corrected for an arbitrary covariance structure by ship. (*** p<0.01, ** p<0.05, * p<0.1). In columns 6 and 7, estimates and errors are corrected for imputation bias using multiple random imputation (50 iterations). Crowding p-value is for Crowding variable alone in columns 1-4 and 6, and for a joint test of Crowding and interaction terms in columns 5 and 7. The R-squared presented in columns 6 and 7 is for an ordinary regression using the 50 th imputation of Duration. Crowding p-value 0.021** 0.036** 0.015** 0.021** Table notes : Standard errors in parentheses corrected for an arbitrary covariance structure by ship. (*** p<0.01, ** p<0.05, * p<0.1). In columns 6 and 7, estimates and errors are corrected for imputation bias using multiple random imputation (50 iterations). Crowding p-value is for Crowding variable alone in columns 1-4 and 6, and for a joint test of Crowding and interaction terms in columns 5 and 7. The R-squared presented in columns 6 and 7 is for an ordinary regression using the 50 th imputation of Duration. Table A3 in the Online Appendix presents voyage counts (total and observing Duration) and mean Crowding by decade. 
